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ABSTRACT
This study investigated the biology, in particular the behavior, of the subsocial
beetle, Odontotaenius disiunctus (Illiger), an inhabitant of decaying logs. Some aspects of
the social behavior of this species were investigated. Experiments on kin recognition and
on the significance of experience demonstrate that passalid adults may be able to
distinguish kin from nonkin, and that they require experience in order to cohabit with
larvae. Both adults and larvae are able to communicate by producing sounds by
stridulation which resemble squeaks. The mechanism by which larvae produce sounds
involves a modified third leg, resembling a paw with one apical tooth and four subapical
teeth, that rubs against a series of ridges on the coxa of the second leg. A scanning
electron microscope was used as an aid in describing the morphology of this organ on all
three larval instars. Another experiment focused on the function of the adult sounds
produced as a result of disturbance. Disturbance stridulation, under the circumstances
provided, did not function to deter rodent predators. Beetles were also found to be
attracted to wood.

ix

THE BEHAVIOR OF THE HORNED PASSALUS BEETLE,
Odontotaenius disjunctus (Illiger)

INTRODUCTION
Odontotaenius disiunctus (Illiger), commonly called patent leather or Betsy
beetles, are relatively large univoltine insects of the primarily tropical family Passalidae.
They are one of two species found in the United States, primarily in southeastern
deciduous forests (Schuster 1994). Adults and larvae live in colonies in damp rotting
logs, usually oak and hickory (Pearse et al. 1936). Upon finding a suitable log, neither too
dry nor too decayed, a pair will form rather extensive interconnecting tunnels parallel to
the length of the log, and the tunnels will soon become lined with ffass and wood
shavings. Passalid beetles, under certain conditions, can be aggressive toward each other
(Mullen and Hunter 1973) and exhibit territorial behavior by defending their tunnels
(Valenzuela-Gonzalez 1986) in which they spend a majority of their lives.
It is in their tunnels that passalid beetles feed, mate, raise broods and remain
active year round (Gray 1946). According to observations by Schuster (1975), courtship
behavior, which may last up to 12 hours, involves both male aggression and the male and
female circling one another. In addition, the male often flips himself over onto his back
and then rights himself. When the male is venter side up, the female shifts the posterior
portion of her body onto the male’s ventral side, and rotates until the male and female are
end to end and venter to venter. The venter-venter position is believed to be an adaptation
to mating in narrow tunnels (Castillo and Reyes-Castillo 1989) and thus different from the
dorsum-venter position characteristic of most other species of beetles. Copulation occurs
in this position.
2
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Previously, passalid beetles were thought incapable of flying. However, recently
two beetles were discovered coupled in nuptial flight, venter to venter, and facing in
opposite directions, with only one beetle having its wings spread and elytra separated
(Macgowan and MacGowan 1996). This observation contradicts the earlier assumption
that passalid beetles only copulate in tunnels excavated by a pair.
Much of what is known about the basic life history of O. disjunctus is from the
research of Gray (1946). After copulation and excavation of a tunnel, eggs are laid as
early as mid-May. Recently laid eggs appear bright red and undergo color changes during
embryonic development to finally become a dark green, indicating the eggs will soon
hatch. Eclosion is associated with water absorption and occurs throughout June and early
July. The newly emerged first instar larvae are clear in color and as small as 8.5 mm.
There are two more molts for a total of three larval instar stages. These instars are
physically distinguished from one another primarily by differences in the widths of their
head capsules, and less reliably by their body lengths. The first and second instar stages
are short in duration, ranging from approximately 10-12 days; whereas the third instar
stage is longer, lasting about 25 days. All three instars are characterized by constant
feeding on wood previously chewed by adults. From personal observations, the first instar
larvae appear more dependent upon the adults than do third instar larvae. They are often
found in direct contact with an adult at the end of a blind tunnel; in contrast, the third
instar larvae are often seen alone. Around the beginning of August, late third instar larvae
become prepupae. The whitish and delicate prepupae are characterized by lesser activity,
and they no longer feed or crawl. Their only movement appears to be restricted to rolling
from side to side in attempts to build pupal cells if adults are not present. Under natural
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conditions, adults pile frass and wood shavings on the pupae to build protective cells
(Valenzuela-Gonzalez 1993). The pupal stage lasts about 12 days and involves a series of
external and internal changes that occur in these cells. In the artificial confines of the
laboratoary, pupal cells are not constructed, so one can easily observe the darkening of
color and the development of wings and legs. In late August, pupae metamorphose to
adults which are pale yellow in color, eventually turning orange and then red. Orange/red
beetles are still soft since they are not yet fully sclerotized, and in nature sometimes remain
enclosed and protected in pupal cells. Fully sclerotized beetles are black, and overwinter
and mate the following spring. Development from egg to adult is relatively short for such
a large insect, being completed in approximately three months.
An interesting feature of all passalid beetles is their degree of social behavior.
Eusociality is determined by three criteria: overlapping generations, cooperative care of
young, and a caste system (Wilson 1971). Lacking a caste system, O. disjunctus meets
only two of these criteria, and is therefore classified as subsocial. They are thus
distinguished from the truly social hymenopterans and isopterans. O. disjunctus of
different stadia (young and old adults, larvae and pupae) have been found in the same
tunnels (Schuster and Schuster 1985), exemplifying overlapping generations. Passalids
have also been documented showing parental brood care by carrying and licking eggs
(Valenzuela-Gonzalez 1993), building pupal cells, and triturating (chewing into fine
pieces), the wood that larvae will eat (Pearse et al. 1936). In addition, “young passalids
cooperate with their parents in repair of sibling pupal cases” (Schuster and Schuster
1985). Their rather high degree o f social behavior is partly associated with the utilization
of food source (Halffter 1991). Early instar larvae are not able to tear off and ingest
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pieces of wood, so they must rely on adults for shredding the wood. Adults also mix the
wood with salivary secretions and add their excrement (Pearse et al. 1936, Halffter 1991).
Shredding the wood by adults is thought to increase the surface area for the action of
bacteria and fungi present in the wood, and the addition of excrement could provide
needed nitrogen for microbial activity. Both of these processes are considered necessary
for larvae to survive. Therefore, manipulation of food in combination with the evolution
of biparental care is believed to have led to subsocial behavior (Halffter 1991).
Another interesting aspect of passalid biology is that both larvae and adults are
capable of sound production by rubbing one body part against another (stridulation). In
fact passalid beetles, with a repertoire of 14 acoustical signals (defined as “a given sound
type in a given behavioral context” (Schuster 1983)), have the most acoustical signals of
any arthropod yet investigated (Schuster 1983). The adult stridulaltory apparatus of O.
disjunctus was first described in 1901 by G.G. Babb (Reyes-Castillo and Jarman 1983).
Abdominal tergum 6, an irregularly sclerotized and spiny area, is rubbed against the
underside of the metathoracic wings, also very spiny, to produce a squeaking or grating
noise (Reyes-Castillo and Jarman 1983). In all passalid larvae, the third pair of legs is
greatly reduced to resemble a small paw and on the metathoracic coxae of the second leg
is an area of teeth that forms ridges (Reyes-Castillo and Jarman 1980). When the “paw”,
which has its own series of teeth, strikes against the ridges, weak scratching sounds are
produced.
Unlike the mechanism of stridulation, all the functions of stridulation remain
unknown. It is most commonly associated with interspecific and sometimes intraspecific
communication. Schuster (1983) has documented stridulation occurring during courtship,
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mating, and aggression, and during isolated activities such as walking and feeding. It was
previously postulated to function in keeping colony members together (Gray 1946), but
this hypothesis has since been disproven (Buchler et al. 1981). Buchler et al. found that
stridulation is not for intraspecific communication, but acts as a distubance signal to warn
or startle predators and thus enable the beetle to escape. It is speculated that stridulation
functions in other contexts as well. For example, in Nicrophorus mexicanus Mathews, a
quasisocial beetle of the family Silphidae that also shows cooperative brood care,
stridulation by adult females apparently establishes a bond between mother and offspring
(Huerta et al. 1992). Without stridulation, adult females left the nest early and larvae
subsequently died (Huerta et al. 1992). In passalids, a parent might use stridulation to
signal to its larvae that he/she has triturated wood, or larvae might stridulate to parents to
signal their need for food. The production of sound in passsalid beetles is obviously an
integral part of their social behavior, and more studies need to be done regarding
stridulation and the resultant interactions between individuals.
The following research contributes to the current knowledge of the biology of O.
disjunctus. All beetles and larvae used in the following experiments were collected from
the College Woods o f the College of William and Mary, Williamsburg, Virginia over a two
year period. I tested the effect of parental “experience” on larval mortality as well as the
ability of adults to distinguish their larvae from unrelated larvae. I described for the first
time the morphology of larval sridulatory structures of this species and made comparisons
among the three larval instars. The hypothesis of the anti-predator function of adult
stridulation is also tested, as is the attraction of adults to wood.

CHAPTER 1: KIN RECOGNITION AND ROLE OF EXPERIENCE
INTRODUCTION
Kin recognition involves both the differential treatment of kin over nonkin or vice
versa and the mechanisms by which an individual can identify another as related or
unrelated (Hepper 1991). This can be demonstrated by such acts as the preferential
feeding and grooming of kin or aggression toward nonkin. In the insect world, kin
recognition is most strongly associated with the eusocial bees, wasps, termites, and ants.
For example, adults of the ant species Leptothorax longispinosus preferentially retrieved
nestmate larvae (kin) over larvae originating from other nests (Hare 1996). One purpose
of the following experiment is to test the ability of the adults to distinguish their larvae
from unrelated larvae.
The second part of the experiment deals with another kind of social behavior,
parental care, which is a rare phenomenon among invertebrates (Clutton-Brock 1991).
Passalid beetles care for their young through feeding, protection, and pupal cell building.
The additional purpose of the experiment is to test the importance of parental experience
in adults when interacting with larvae.
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METHODS AND MATERIALS
This experiment used both “experienced” and “inexperienced” adults and larvae
over a period of two summers. Inexperienced adults are defined as ones that have not
produced any offspring or have not come in contact with any larvae for at least one year
by being kept in plastic containers indoors that prevented mating. Experienced adults
have produced offspring and/or have recently been in a tunnel system with larvae. These
were collected directly from logs containing larvae, which were also collected,
approximately three hours prior to the experiment and were transported to the laboratory
in small plastic cylindrical containers. Three to five larvae were usually found surrounding
an adult in a blind end o f a tunnel; thus, that experienced adult was assumed to be the
parent.
A total of five treatment groups were used: 1) three larvae alone (the control),
(2) experienced adult (most likely the parent) with its three larvae, (3) inexperienced adult
with three larvae, (4) experienced adult with two of its larvae and one unfamiliar
(unrelated) larva, and (5) experienced adult with three unfamiliar larva. For treatment
group 4, all three larvae had colored glitter, either blue (unfamiliar) or red (familiar), glued
on their bodies.
Adults and/or larvae were placed in small fingerbowls measuring 8.5 cm in
diameter with large pieces of wood and wood shavings to allow both adults and larvae to
feed. All treatment groups were given the same amount of wood taken from the same
rotting log. The bowls were covered and maintained in an incubator at 25.5° C. After 24
hours, the number of dead larvae in each fingerbowl was recorded. The presence of dead
larvae was used as an indicator of kin recognition because some arthropods such as desert
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isopods and milkweed leaf beetles demonstrate kin recognition by preferentially
cannabalizing less related young over their own (Pfennig 1997). Statistical analysis o f data
was done using the G test of independence to determine if larval mortality is independent
of treatment group.

10

RESULTS
Out of 180 total larvae, only 2 larvae that were kept without adults died in contrast
to the 13 that were housed with parents (Table 1). A test of independence indicates that
larvae with a parent present experienced significantly higher moralities than larvae by
themselves (P = .0037). Approximately 79% of the larvae housed with inexperienced
adults were found dead, as compared to only 20% of the unfamiliar larvae housed with
experienced adults, revealing a highly significant association between experience and larval
mortality (P < .0001) (Table 2). To determine if there is a difference in mortalities based
on whether a parent had 1 or 3 unfamiliar larvae, treatment group 4, with 33 dead larvae,
and group 5, with 37 dead larvae, were examined (Tables 1 and 2). It was found that
there is no relationship between adult and number of unfamiliar larvae present (P = .335).
However, when group 2 and a combination of groups 4 and 5 are compared, statistical
analysis reveals that the presence of strange larvae has an influence on larval mortality (P =
.00058).
Table 3 presents another way of examining the data by using the perspective of
number of adults in a given situation. Of 60 inexperienced adults (group 3), 56 were
found with one or more dead larvae, whereas of the 61 experienced adults with unfamiliar
larvae (group 5), only 21 had one or more dead larvae after 24 hours (Table 3). These
results show a significant association between larval mortality and experience, or lack
thereof, of adults (P < .0001). Group 2, consisting of 7 experienced adults with dead
larvae, and a combination of groups 4 and 5, with a total of 36 experienced adults with
dead larvae (Table 3), were also compared. Adults with unrelated larvae had significantly
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higher mortalities (P = .0122) than those with familiar larvae. The results from these sets
of tests support the previous results.
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Table 1
Total number of dead larvae and adults found with dead larvae recorded during summers 1996 and 1997.
TREATMENT GROUPS
3 larvae
alone

exp. adult
+ its 3
larvae

inexp. adult
+3 strange
larvae

exp. adult
exp. adult
+ own 2
+3 strange
+1 strange larvae

___________________________ 1___________ 2__________3___________ 4___________ 5
dead larvae/ total
number of larvae
2/180
13/180
142/180
32/201
37/183

number of adults
with some dead larvae/
total number of adults

NA

7/60

56/60

15/67

21/61
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Table 2
Combined number of larval mortalities recorded during summers 1996 and 1997.
TREATMENT GROUPS
3 larvae
alone

Number of larvae
found dead

Number of remaining
living larvae

178

exp. adult
+ its 3
larvae

inexp. adult
+ 3 strange
larvae

13

142

167

38

exp. adult
+ its 2 +
1 strange

33

37

168

146

Results of Statistical Comparisons Using
a G Test of Independence
Comparison
Group 1 vs
Group 3 vs 5
Group 4 vs 5
Group 2 vs 4 plus 5

exp. adult
+ 3 strange
larvae

Probability
0.0037
<0.0001
0.3350
0.0006
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Table 3
Number of adults with dead larvae during summers 1996 and 1997.
TREATMENT GROUPS
3 larvae
alone

exp. adult
inexp. adult
exp. adult
+ its 3
+3 strange
+ own 2
larvae
larvae
+1 strange
______________________ 1__________ 2______________ 3_____________ 4
Number of adults
NA
56
15
that had some
dead larvae
Number of adults
with living larvae

NA

53

52

Results of Statistical Comparisons Using
a G Test of Independence
Comparisons
Group 3 vs 5
Group 4 vs 5
Group 2 vs 4 plus 5

Probability
<0.0001
0.1300
0.0122

exp. adult
+ 3 strange
larvae
5
21

40
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DISCUSSION
Although experimental evidence indicates that the presence o f an experienced adult
parent has a significant negative influence on the survival of larvae, the actual difference is
not extremely large (13 out of 180 vs 2 out of 180). I attribute this outcome to an artifact
o f experimental design; the parents accidentally trampled the larvae due to being in the
confined artificial environment of a small fingerbowl. In nature, early instar larvae without
parents or other “experienced” adults for an extended period of time would not survive
since triturated wood would not be provided.
Adult “experience” was shown to be an integral component of rearing larvae.
Inexperienced adults, with 79% larval mortality, had a significantly higher number o f larval
deaths than experienced ones (7% larval mortality). The number of deaths were too
numerous to be associated with accidental parental trampling as in the previous
circumstance or associated with starvation since all larvae of all treatment groups were
given ample triturated wood. When the counts were conducted, many larvae with
inexperienced adults were found chewed into pieces or missing, and adults, on at least two
occasions, were seen attacking and killing larvae. This differed from the treatment group
with parent and offspring whose dead larvae were still intact. From these observations, it is
inferred that inexperienced adults exhibit infanticidal behavior.
The question that should be addressed is what triggers infanticidal behavior in O.
disiunctus. In a study on infanticide involving nulliparous rats (defined as rats that have
never given birth nor been with young before), researchers found significantly fewer killed
young when they cohabited with pregnant females for a period of time (Mennella and Moltz
1989). The reduction of infanticidal behavior was linked to exposure to pheromones
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emitted by pregnant females. In an earlier study with wild mice, the experience of
copulation was partly the cause of the cessation of infanticidal behavior in male mice
(Soroker and Terkel 1988). I suggest a similar process to these mammalian ones occurs in
O. disjunctus. Inexperienced beetles had not copulated, oviposited, or been with pregnant
females for at least one year prior to the experiment. Infanticidal behavior, in this case,
does not result from a complete lack of reproduction and/or interactions with larvae
because it is quite probable that a portion of the 60 adults tested were parents themselves or
cohabitors with larvae a year before the experiments. They have had previous experience
with caretaking; and therefore, inexperienced adults did not kill larvae simply because they
did not “know” how to behave toward them. Instead, inexperienced adults, being isolated
in arificial conditions, killed larvae because they were not stimulated to produce hormones,
either from the act of mating or from being pregnant, or exposed to pheromones emitted by
a pregnant females, that would act on the beetles’ physiology to elicit caretaking behavior.
Experienced adults may have only limited ability to discriminate related larvae from
unrelated larvae. In treatment group 4, adults did not differentially kill only unfamiliar
larvae. In summer 1997, there were two trials in which one larva died, but those larvae were
related to the adult. However, combined data from treatment groups 4 and 5 when
compared to group 2 showed that the presence of an unfamiliar larvae was significantly
associated with larval mortality. Experienced adults may have detected the “unrelatedness”
of an unfamiliar larva but were unable to identify specifically which larvae it was.
Some insects can discriminate kin from nonkin, but only at certain times. For
Necrophorus vespilloides Herbst, a quasisocial beetle that raises it brood on small animal
carcasses, females have the ability to discriminate and kill unrelated larvae only when
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unrelated larvae appear on the carcass much earlier or much later than when the female’s
own larvae would normally hatch (Muller and Eggert 1990). This might at first seem like a
plausible explanation for the behavior of O. disjunctus. However, upon examination of the
life history of this species of passalid beetle, the explanation does not work. From personal
observations, eggs are neither laid or hatched synchronously, so beetles are exposed to
larvae of different instar stages in the tunnel systems. Furthermore, eggs of the same clutch
do not necessarily hatch at the same time, so it is possible for an adult to be the parent of
different age larvae as well as different instars. Thus, it does not seem logical for passalid
beetles to develop a time-dependent mechanism for dealing with larvae.
It would seem there would be little selective pressure for passalid beetles to
distinguish between their own and unrelated individuals since the tunnel systems of different
“families” of beetles inhabiting the same log do not connect, at least until late summer (Gray
1946). Larvae therefore do not wander into foreign tunnels. However, it has been
established earlier from my results that adults have some ability to distinguish kin from
nonkin. When presented with a number of unrelated larvae in a confined, artificial condition
like a fingerbowl, O. disjunctus simply could have sensed ctunrelatedness.” It is possible
that the adults kept with strange larvae in a small area perceived odors, unlike those of their
offspring, on the bodies o f the unrelated larvae, and indiscriminately killed larvae. This
phenomenon is plausible because it is known to occur in the ant Leptothorax longispinosus
which can discriminate nestmate larvae form nonnestmate laravae by “discriminator
substances” borne on the larval cuticle originating from the ant’s nest (Hare 1996).

CHAPTER 2: DESCRIPTIONS OF LARVAL STRIDULATORY APPARATUS
INTRODUCTION
Stridulation, or sound production, is common in many adult beetles. In some
families such as Geotrupidae, Lucanidae, and Passalidae, larvae also stridulate (Chapman
1982). However, unique to passalid larvae, the third leg is highly reduced to form a small
“paw” and is no longer functional in locomotion. The stridulatory structures of some
species o f passalid larvae have been studied using scanning electron microscopes, but
those o f O. disjunctus have not been described until now.
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METHODS AND MATERIALS
All larvae were killed by immersing in a small dish containing 70% ethyl alcohol
solution. While in 70% ETOH solution, a paintbrush was used to clean away clinging
debris from the stridulatory apparatus. Larvae were then dehydrated in a series of ETOH
baths of increasing concentration. When submerged in 95% alcohol, the thoracic area
containing the second and third legs was removed and placed in 100% alcohol. Specimens
were again cleaned to remove remaining debris, and the legs were transferred to another
bath of 100% alcohol and kept there for at least 24 hours. The legs were then criticalpoint dried in a Samdri PVT-3B critical point dryer, and coated with gold paladium in an
Anatech LTD sputter coater. The legs o f each instar were examined with an Amray
scanning electron microscope at 20 kV for analyses and comparisons of stridulatory
structures.
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RESULTS AND DISCUSSION
The stridulatory apparatus of larval O. disjunctus consists of a reduced third leg,
called the scraper or plectrum, which rubs against an area, also known as the file or pars
stridens, on the coxa of the second leg (Fig. 1). The scraper is made up of one apical
tooth and four subapical teeth (Fig 2). Each tooth has a circular protuberance at the distal
end, and in each protuberance is a depression which contains a sensory seta whose
function is unknown (Figs. 3 and 4).
There are a few differences between the apical tooth and the subapical teeth, of
which the most obvious is the apical tooth’s larger size. Whereas the subapical teeth
consist of just one circular protuberance, the apical tooth can have two, either apart or
joined together, each also with a single sensillum (Figs. 5 and 6). Furthermore, the apical
tooth has additional sensilla not found on subapical teeth (Figs. 7 and 8). On the back and
lateral sides of the apical tooth are several structures that resemble trichoid sensilla that
function in mechanoreception (Figs. 9 and 10). These structures are unevenly distributed
around the tooth, sometimes occurring in clusters, with some of the projecting setae being
considerably longer than those setae found in the aforementioned depressions. Another
type of sensory structures found on the apical tooth are campainiform sensilla that
resemble little raised areas, or domes (Figs. 11A and 1 IB). They occur singly and are not
as numerous as trichoid sensilla; however, their function is also probably
mechanoreception.
The file is an oval shaped area that consists of a series of relatively parallel bands
that run lengthwise to the larva’s body (Fig. 12). Each band consists of a row of
contiguous “teeth” (Fig. 13). The teeth at the edge of the file are irregularly shaped and
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the inner ones are rectangular with slightly varying widths. The teeth overlap and project
up at an angle (Figs. 14A and 14B).
The stridulatory apparatus of the first, second, and third larval instars are
structurally the same. They all have one apical tooth with associated sensory structures
and four subapical teeth. The only apparent difference between instars lies in their size.
Three measurements for 2-3 larvae of each instar stage were taken: (1) the diameter of the
circular protuberance of the first, second, and third subapical teeth (the fourth was not
used because it was always obscured), (2) the width of the file (Fig. 15), and (3) the
average distance between the rows of teeth of the file.
The mean diameters o f the protuberances of each subapical tooth are given in
Table 4. The results show there is a significant difference in diameter between larval
instars (P < .0001), but not between teeth (P = .640). The sizes of the subapical teeth do
not follow a definite pattern; the first tooth is not necessarily the largest, nor is the third
necessarily the smallest (Table 4). In addition, the mean widths of the file are also
significantly different for larval instars (P < .0001), but not for individuals (P = .357)
(Table 5). The mean distance between ridges on the file were also analyzed (Table 6).
This distance is the smallest for first instars, measuring on average 5.971 pm. However,
there is only a slight difference between that of the second and third instars. A one-way
ANOVA reveals that there is a significant difference between instars. In determining
which instars differed, the results from the Tukey test suggest that, in terms of this
distance, first instars differed significantly from second and third instars, but second and
third instars did not differ significantly from one another.

22

The sizes of certain structures of the stridulatory apparatus of O. disjunctus vary
from individual to individual; although as a whole, there is a significant difference between
larval instar and size. Not surprisingly, size increases with increasing age of larvae.
Additionally, the apparatus of this species matches the descriptions in the literature of
other species of passalid beetles with the exception that the majority of species have 5
subapical teeth (Reyes-Castillo and Jarman 1980). However, some species, such as
Odontotaenius zodiacus (Truqui) and species of the genera Heliscus and Publius, also
have 4 subapical teeth (Reyes-Castillo and Jarman 1980).
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Fig. 1
Stridulatory apparatus of larval O. disjunctus showing file (F) and reduced leg as scraper
(S). (Scale bar = 1mm) 25.4x.

Fig. 2
Profile of scraper of larval O. disjunctus showing apical tooth and 4 subapical teeth. Note
circular protuberances at end. (scale bar = 100pm) 220x.
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Fig. 3
Circular protuberances on subapical teeth of scraper ol larval O. disjunctus. Note
sensillum in center of depression. (Scale bar =100 pm) 460x.

Fig. 4
Protuberance on subapical tooth o f stridulatory scraper of larval O. disjunctus. Note
sensillum in center, (scale bar = 1 0 pm) 2,580x.
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Fig. 5
Scraper of larval O. disjunctus showing two separated protuberances on apical tooth,
(scale bar = 100 pm) 204x.

Fig. 6
Scraper of larval O. disjunctus showing two protuberances joined together on apical tooth,
(scale bar = 10 pm) 2,040x.
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Fig. 7A
Scraper of larval O. disiunctus shwoing additional sensory structures found on the back of
the apical tooth but not on apical teeth, (scale bar = lOOp) 129x.

Fig. 7B
Scraper of larval O. disjunctus showing concentration of additional sensory structures
around apical tooth (scale bar = lOOpm) 374x.
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Fig. 8
Structure from 7A at higher magnification illustrating the lack of sensory structures on the
subapical teeth, (scale bar = 100 pm) 31 Ox.

Fig. 9
Scraper of larval O. disiunctus illustrating trichoid sensilla (T) on side of apical tooth,
(scale bar =100 pm) 3 lOx.

Fig 10

Trichoid sensilla (T) on the apical tooth of the scraper of larval O. disiunctus (scale bar
10 pm) l,000x.

Fig. 11A
Campaniform sensillum (CS) located on the apical tooth of the scraper of larval O.
disjunctus. (scale bar = 1 0 pm) 950x.

Fig. 1 IB

Campaniform sensillum (CS) from 11A at higher magnification, (scale bar = 10 pm)
2,600x.

Fig. 12
Stridulatory apparatus of larval O. disjunctus showing file (F) and scraper (S). (scale bar
10 pm) 95.5x.
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Fig. 13
Stridulatory file of larval O. disiunctus. Note bands o f “teeth” on file, (scale bar = 10 pm)
1,160x.

Figs. 14A and 14B
Teeth of stridulatory file of larval O. disjunctus. Note overlap and projection of teeth.
Fig 14A.
(scale bar = 1 0 pm) 985x.
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Fig. 14B
(scale bar = 1 0 ^m) l,040x.

Fig. 15
Method of measurement of file width for larval O. disiunctus. (scale bar =100 fim) 132x.
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Table 4
Diameters in p.m of subapical teeth of scraper of 3 larv ae of O. disiunctus representing each larval instar
stage. There is significant difference between instars (P < .0001), but not between teeth (P < .640).

FIRST INSTAR
individuals
1________ 2________3________ mean
subapical tooth
first
second
third

SD

16.4
14.7
14.7

12.7
11.3
11.8

23.5
24.0
25.5

25.5
24.9
23.0

21.6
20.6
21.2

23.525
23.175
23.225

1.592
1.852
1.763

28.9
27.4
25.5

25.0
26.1
26.9

27.9
28.4
26.6

27.275
27.300
26.400

1.654
.942
.616

13.2
11.3
14.2

14.100
13.975
13.550

1.637
1.948
1.266

SECOND INSTAR
subapical tooth
first
second
third
THIRD INSTAR
subapical tooth
first
second
third
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Table 5
Widths in nm of stridulatory file for each of 3 larvae of O. disiunctus representing each larval instar stage.
A two-way ANOVA indicates a significant difference due to instar (P < .0001), but not for individuals (P
= .357).

INDIVIDUAL
1
2
3
mean
SD

FIRST INSTAR
402
419
392
4 04.333
13.650

SECOND INSTAR
613
594
549
585.333
32.860

THIRD INSTAR
645
647
651
647.77
3.055
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Table 6
Average distances in jam between ridges on stridulatory files for 3 larvae of O. disiunctus representing
each larval instar stage. Tukey test shows significant difference between first instars and second and third
instars, but not between second and third instars.

INDIVIDUAL
1
2
3
mean
SD

FIRST INSTAR
6.34
5.63
—
5.9706
.7133

SECOND INSTAR
7.12
6.81
7.07
6.968
.6680

THIRD INSTAR
6.83
7.24
7.23
7.116
.7364

CHAPTER 3: ON THE FUNCTION OF DISTURBANCE STRIDULATION
INTRODUCTION
Stridulation is obviously a means of communication. Stridulation used for
intraspecific communication consist of sounds with a “regular pulse repetition frequency
(Chapman 1982)” produced for and during such events as courtship and mating,
aggression, aggregation, etc. Insects can also produce sounds to respond to members of
other species. This form of stridulation is usually characterized by a series of sounds
lacking a “regular pulse repetition frequency and covering a broad sprectrum of
frequencies (Chapman 1982)” and in some cases, is linked to behavioral displays such as
defense postures.
Passalid beetles are known to stridulate upon disturbance as well as in a number of
other contexts, yet their means of sound perception are unknown. Stridulation by this
species has proved to be a topic of much interest and has, as a result, generated some
research. One of seven “structurally distinct sound types” is disturbance stridulation
(Schuster 1983). Buchler et al.(1981) postulated that disturbance stridulation by these
beetles functions on an interspecific level to deter predatory attacks, rather than
intraspecifically. They tested this with crows, and found that crows had a significantly
higher handling time for beetles with intact stridulatory apparatus. Unlike Buchler et al.,
who used crows as the predators of passalid beetles, I tested this hypothesis with the
white-footed deer mouse, Peromvscus leucopus (Rafinesque). This species was seen as a
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more likely predator than crows since they eat insects (Eisenberg 1968) and nest in logs
and stumps in woodlands (Wolff 1989).
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METHODS AND MATERIALS
This experiment tested the anti-predator hypothesis using Peromvscus leucopus as
the model predator. Naive individuals of P. leucopus. obtained from the College Landing
Biological Laboratory of the College of William and Mary, Williamsburg, Virginia, were
starved for at least 15 hours prior to the experiment. Mice were approximately 90 days
old and most were males. They were then put into plexiglass aquaria measuring 23 x 31.5
x 23.5 cm with pine shavings where they were habituated to their new surroundings for at
least 30 minutes.
All beetles used in this experiment were refrigerated until they stopped moving,
after which half of their right elytron was removed using fingernail clippers (fig. 16). For
half of the beetles, Elmer’s glue was injected between the underside of the wings and top
of the abdomen to prevent stridulation. The other half had glue placed on the bottom of
the left elytron as a control, but they could still stridulate.
After habituation, a beetle, either silenced or normal, was added to the plexiglass
aquarium with a mouse. The time it took for the mouse to first attack and/or chew on the
beetle until the mouse ate the beetle was recorded. Half of the 20 trials were performed
with silenced beetles, the other half with beetles able to stridulate. All trials were done
under red light in a walk-in incubator.
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Fig. 16
Illustration of section of right elytron removed from adult O. disiunctus (right) vs. intact
adult (left).
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RESULTS
When mice were given unaltered and silenced beetles, they either avoided or
immediately investigated them. Upon touching an unaltered beetle, the beetle would
always stridulate, and sometimes do so continuously for several minutes even when they
were no longer touched. However, mice appeared not to be afraid of the noise; i.e.,
stridulation did not prevent mice from grabbing and gnawing on the beetles. On average,
mice did take a slightly longer time (x = 675.4 s) to eat stridulating beetles than silenced
beetles (x = 574.0 s) (Table 7); however, the means are not statistically significant (P =
.22). In fact, mice that attacked beetles in the weakened area where the elytra was
removed managaed to eat the beetles sooner than mice who pulled off the legs first or
those that chewed on the heads and were bitten by the beetles, regardless if the attacked
beetle was stridulating or not.
Data from Table 7 imply that there were only a total of 16 trials performed. This
may seem like a relatively small sample size, but in actuality, more trials were conducted.
In those trials, however, mice either investigated beetles, but never ate them regardless if
the beetles were stridulating or not, or the mice did not react at all. These results were
considered invalid, and therefore, not used for statistical analyses. Due to the indifference
of the starving mice to their potential prey and time constraints, the experiment was not
pursued any further.
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Table 7
Time it took in seconds for P. leucopus to eat stridulating versus silenced beetles. Data analyzed with Ttest reveal T = 1.30 and P = .022.

trials
1
2
3
4
5
6
7
8
9
mean
SD

STRIDULATING
BEETLES
(seconds)
729
844
631
670
425
689
740

675
129

SILENCED
BEETLES
(seconds)
281
684
438
756
515
444
538
874
636
574
182
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DISCUSSION
Disturbance stridulation functions in two ways: either to startle a predator or warn
the predator of impending harm by prey upon attack (Masters 1979). A study in 1981 by
Buchler et al. was the first attempt to test the hypothesis that O. disjunctus stridulate to
deter predators. Silenced and unsilenced beetles were fed to crows, and they took a
significantly longer time to eat the stridulating beetles than the silenced ones. However,
there are some problems with this study; crows are highly unlikely predators of O.
disjunctus. a small sample size o f only 4 crows was used, and that the same crows were
used more than once. In my experiment, a test of disturbance stridulation used a more
likely predator, P. leucopus.
The results from this research differed from those of Buchler et al. (1981). Mice
did not take a significantly longer time to eat stridulating beetles versus silenced ones; in
fact stridulation had no apparent effect on interested mice. Stridulating beetles appeared
to be manipulated as much as silenced beetles. The variations in the lengths of time to eat
beetles are attributed to the different feeding strategies (i.e., first chewing on the head,
legs, or the weakened area) the mice employed.
In fact, the morphological adaptations o f O. disjunctus seem to be more successful
at deterring predators than does stridulation. O. disiunctus are relatively large beetles,
measuring 30-40 mm. When confronted with such a large prey item, some of the mice
back away and avoid them, or slap them away even when the beetles are not stridulating.
Less intimidated mice grab the beetle, but the beetle’s size makes it somewhat difficult to
maneuver. Furthermore, the exoskeleton o f passalid beetles is very smooth and glossy,
which adds to the difficulty of holding onto a beetle. On some occasions, beetles slip out
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of the grasps of mice. The thickness and hardness of the exoskeleton also contributes to
deterring mice. It takes several minutes o f constant gnawing just to get through the
exoskeleton and begin eating, but for some mice, this proves too difficult and they simply
quit. Passalid beetles are not without defenses, either. When attacked, they constantly
open and close their mandibles and often managed to bite a mouse, afterwhich the mouse
stops attacking altogether or delays its attack until after they lick their wounds. In nature,
this would allow time for the beetle to escape.
Although not yet experimentally proven, stridulation probably has many functions
during acts of aggression, courtship, mating and interactions with larvae. However,
deterring rodent predators, at least in the above experimental design, does not seem to be
one of the functions. There does not appear to be any selective pressures that would favor
the development of sounds for the sole purpose of avoiding predators. O. disjunctus
adults spend a majority of their lives in the protected confines of decaying logs, and thus
not exposed to a wide range o f potential predators like many other insects. The larvae
also disturbance-stridulate, but the sound is so weak that it is highly doubtful that the
noise would scare away or alarm predators.
Passalid beetles produce disturbance stridulation even when their lives are not
threatened. They do so when one individual bumps into another, when one is being blown
on, or when their tunnels are being jarred although the beetles themselves are not touched.
Disturbance stridulation appears to be a nervous response to any pressure applied to the
body and not necessarily used discriminatingly to prevent predatory attacks.

CHAPTER 4: ATTRACTION TO WOOD
INTRODUCTION
The last experiment is a departure from the previous experiments that focused on
topics related to social behavior. It determines if passalid beetles have a natural tendency
to move toward and investigate a familiar material, in this case wood, in their
environment.
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METHODS AND MATERIALS
A circular container with a 33 cm diameter divided into eight equal quadrats was
used to test O. disjunctus for attraction to wood. A block of wood taken from a decaying
log containing beetles was placed in one quadrat in such a way that there was a space
between the edge of wood and the edge of container to allow for passage of a beetle. A
beetle was introduced in the quadrat opposite the wood and facing the plastic wall (fig.
17). The container was covered and the beetle was allowed to wander. The duration of
time the beetle spent in each quadrat (time entered until time departed) was recorded.
There were a total of 50 trials, each lasting 24 minutes and each using different beetles.
A subsequent experiment was performed to check if the beetles were responding
to the wood itself and not to any substrate providing contact. For this, the same design
and procedure were used except a Styrofoam block, shaped to match the dimensions of
wood, replaced the wood block. A new set of beetles was used. Both experiments were
conducted under red light.
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Fig 17
Experimental apparatus to test hypothesis of attraction to wood by adult O. disiunctus.
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RESULTS
Out o f a total of 8 quadrats, beetles spent the longest mean time (x = 637.98 s) in
quadrat 4, the one containing the block of wood (Table 8). An analysis of variance
indicates a significant difference between quadrats (P < .0001), and a Tukey test revealed
that the mean time spent in the quadrat with the wood is significantly longer than the times
spent in a non-wood containing quadrat. Futhermore, the Tukey test shows that the times
spent in the non-wood containing quadrats are not significantly different from one another.
The second experiment was designed to answer the question of whether beetles were
responding to wood or to any substrate providing contact. In this experiment, the quadrat
containing Styrofoam was one of the least occupied quadrats (x = 133 .68 s), whereas the
quadrat where beetles were introduced into the apparatus was the most occupied (x =
303.8 s) (Table 9). An ANOVA indicates a significant difference between the times spent
in the various quadrats (p = .003), and a Tukey test revealed the following two
significantly different groups: quadrat 8 (introduction quadrat) plus 1, 6, and 7 (quadrats
surrounding introduction quadrat); and quadrats 3, 2, 4 (quadrat with styrofoam), 5, 1,6,
and 7 (Fig 18).
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Table 8
Mean time in seconds spent by adult O. disjunctus in quadrats of experiment with wood. ANOVA shows
mean time in quadrat 4 is significantly longer than those in all other quadrats. Sample size of 50 beetles.

OUADRAT
1
2
3
4 (wood)
5
6
7
8 (beetle)

MEAN (s)
128.40
99.02
73.48
637.98
78.86
75.96
150.66
194.38

SD
265.54
213.11
121.31
433.03
176.12
172.86
272.92
264.64
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Table 9
Mean time in seconds adult O. disiunctus spent in quadrats of apparatus with Styrofoam. ANOVA reveals
beetle spent a significantly longer time in quadrat 4 than other quadrats. Sample size of 50 beetles.

OUADRAT
1
2
3
4 (Styrofoam)
5
6
7
8 (beetle)

MEAN (s)
187.18
131.26
124.98
133.68
148.68
206.32
204.82
303.08

SD
265.44
160.03
143.19
168.90
143.15
301.46
194.32
250.27
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Fig. 18

Diagrammatical representations of results of Tukey test from experiments with wood and
Styrofoam. Note in diagram A that the wood containing quadrat is significantly different
from the others. In diagram B, quadrats 1, 8, 7, and 6 are not statistically different from
one another and are thus grouped together. Quadrats 1, 2, 3, 4, 5, 6, and 7, also not
statistically different from one another, are grouped together.
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DISCUSSION
The ability to detect and be attracted to food sources, oviposition sites, mates, etc.
is widespread in the insect world. Pine beetles are attracted to pine trees just as carrion
feeding insects are drawn to decomposing animals. O. disiunctus have been shown
experimentally for the first time to be attracted by wood.
The mechanism by which this occurs is believed to be olfaction. Olfactory
chemoreceptors can be widespread on the bodies of insects, but are often concentrated on
legs, mouthparts, and antennae. An interesting behavior exhibited by O. disjunctus. in the
experimental apparatus and elsewhere, is antennal vibrations followed by changes in
movements and/or orientation of the insect’s body. Vibrations of antennae are believed to
function in the facilitation of odor perception (Pelletier and McLeod 1994). When the
beetles were placed in the experimental apparatus containing wood, they must have
perceived the odor o f decaying wood because they often zeroed in on it and stayed there.
However, when the beetles were in the apparatus with the Styrofoam block, they often
remained in the quadrat of origin or in the neighboring quadrats. When they did explore,
they usually walked past the Styrofoam. Beetles were not drawn to the Styrofoam block
even though it provided contact.
The advantages of being attracted to decaying wood are obvious. A decomposing
log is both the home and food source of passalid beetles. When they leave one log to
excavate another with a mate, they are exposed to unfavorable conditions such as lack of
food and inappropriate temperatures. Gray reported (1946) that O. disjunctus cannot
survive direct sunlight and low humidities. It would probably be too costly to find logs in
a random trial and error basis. Sensing odors emanating from decaying logs, whatever
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they may be, would facilitate the abilities of beetles to find them, and thus increase their
chances of survival.

SUMMARY
O. disjunctus is the only species o f the family Passalidae found in the deciduous
forests of Virginia where they inhabit decaying logs. Lacking a caste system but
demonstrating overlapping generations and cooperative brood care, this family of beetles
is considered subsocial. They are thought to communicate to others through sound
production, which is associated with social behaviors. The experiments of this study
investigated four areas of the beetle’s basic biology that, in some cases, have not yet been
considered.
Several conclusions can be made from this research. First, passalid adults are
able to recognize the presence of strange larvae and require “experience” (which is most
likely associated with production to hormones) in order to care for larvae. Second, the
stridulatory apparatus of larval O. disjunctus. like those of other species, consists of
an atrophied third leg that acts as a scraper and a file on the coxa of leg 2. On the scraper
are 1 apical tooth that has both trichoid and campaniform sensilla and 4 subapical teeth
without apparent sensory structures. The diameters of protuberances, widths of files, and
distances between ridges of file are associated with larval instar stage. Furthermore,
disturbance stridulation, under the circumstances provided in the experiment, does not
functions to deter predators. Passalid beetles were aslso found to be attracted to wood.

61

BIBLIOGRAPHY
Buchler E.R., T.B. Wright, and E.D. Brown. 1981. On the functions of stridulation by the
passalid beetle Odontotaenius disjunctus (Coleoptera: Passalidae). Anim. Behav.
29:483-486.
Castillo, M L. and P. Reyes-Castillo. 1989. Copulation in natura of passalid beetles
(Coleoptera: Passalidae). Coleopt.Bull. 43(2): 162-164.
Chapman, RF. 1982. The Insects Structure and Function. Harvard University Press,
Cambridge, Mass.
Clutton-Brock, T.H. 1991. The evolution of parental care. Princeton University Press,
Princeton, N.J.
Eisenberg, J.F. 1968. Behavior patterns, pp. 451-495. In J.A. King (ed), Biology of
Peromvscus (Rodentia). American Society of Mammologists.
Gray, I.E. 1946. Observations of the life history of the horned Passalus. Am. Mid. Nat.
35(3):726-746.
Halffter, G. 1991. Feeeding, bisexual cooperation and subsocial behavior in three groups
of Coleoptera. Advances in Coleopterology 281-296.
Hare, J. 1996. Discrimination of nestmate larvae by the ant Leptothorax longispinosus.
Can.J. Zool. 74:2055-2060.
Hepper, P.G. 1991. Kin Recognition. P.G. Hepper, ed. 1-5. Cambridge University Press,
Cambridge.
Huerta, C., D. Fresneau, and G. Halffter. 1992. Inhibition o f stridulation in Nicrophorus
(Coleoptera: Silphidae): consequences for reproduction. Elytron. 6:151-157.
MacGowan,J. and M. MacGowan. 1996. Observations of a nuptual flight of the homed
passalus beetle, Odontotaenius disiunctus (Illiger) (Coleoptera: Passalidae).
Coleopt. Bull. 50(3):201-203.
Masters, W.M. 1979. Insect disturbance stridulation: its defensive role. Behav. Ecol.
Sociobiol. 5:187-200.
Mennella, J.A. and H. Moltz. 1989. Pheromonal emission by pregnant rat protects against
infanticide by nulliparous conspecifics. Physiol. Behav. 46:591-595.
Mullen, V.T. and P.E. Hunter. 1973. Social behavior in confined populations of the
homed passalus beetle (Coleoptera: Passalidae). J. Georgia Entomol. Soc.
8(2): 115-123.
Muller, J.K. and A.K. Eggert. 1990. Time-dependent shifts between infanticidal and
parental behavior in female burying beetles: a mechanism of indirect motheroffspsring recognition. Behav. Ecol.Sociobiol. 27: 11-16.
Pearse, A.S., M. Patterson, J.S. Rankin, and G.W. Wharton. 1936. The ecology of
Passalus Comutus fabricus, a beetle which lives in rotting logs. Ecol. Monogr.
6(4):456-490.

62

63

Pelletier, Y. and C.D. McLeod. 1994. Obstacle perception by insect antennae during
terrestrial locomotion. Physiol. Entomol. 19:360-362.
Pfennig, D.W. 1997. Kinship and cannabalism. BioScience 47(10):667-675.
Reyes-Castillo, P. and M. Jarman. 1980. Some notes on larval larval stridulation in
neotropical passalidae (Coleoptera: Lamellicornia). Coleopt Bull. 34(3):263269.
Reyes-Castillo, P and M. Jarman. 1983. Disturbance sounds of adult passalid beetles
(Coleoptera: Passalidae): structural and functional aspects. Ann. Entomol. Soc.
Am. 76(l):6-22.
Schuster, J.C. 1975. A comparative study of copulation in Passalidae (Coleoptera): new
positions for beetles. Coleopt. Bull. 29(2):75-81.
Schuster, J.C. 1983. Acoustical signals of passalid beetles: complex repertoires. Fla.
Entomol. 66(4):486-496.
Schuster, J.C and L.B. Schuster. 1985. Social behavior in passalid beetles (Coleoptera:
Passalidae): cooperative brood care. Fla. Entomol. 68(2):266-272.
Schuster, J.C. 1994. Odontotaenius floridanus new species (Coleoptera: Passalidae),
a second US passalid beetle. Fla. Entomol. 77 (4):474-479.
Soroker, V. and J. Terkel. 1988. Changes in incidence of infanticidal and parental
responses during the reproductive cycle in male and female wild mice Mus
musculus. Anim. Behav. 36:1275-1281.
Valenzuela-Gonzalez, J. 1986. Territorial behavior of the subsocial beetles Heliscus
tropicus under laboratory conditions (Coleoptera: Passalidae). Folia Entomol.
Mex. 70:53-63.
Valenzuela-Gonazalez J. 1993. Pupal cell-building behavior in passalid beetles
(Coleoptera: Passlidae). Journal of Insect Behavior. 6(1): 3 3-41.
Wilson, E.O. 1971. The Insect Societies. Harvard University Press, Cambridge,
Massachusetts.
Wolff, J O. 1989. Social behavior, pp. 271-291. In G. Kirkland, Jr. and J. Layne (eds ),
Advances in the study of Peromyscus (Rodentia). Texas University Press, Texas.

VITA

Wendy Ellen Gotch was bora in Phoenix, Arizona on August 23, 1973. She
graduated from Mary Washington College, Fredericksburg, Virginia in May 1994 with a
B.S. degree in biology. In August 1995 she entered the College o f William and Mary and
is currently a M. A. degree candidate.

64

